Abstract-People stay most of the time indoor in humid climatic countries. Since synthetic materials especially plastics occupies our living rooms, indoor-accumulated dust is a health concern. Indoor surface dust samples were collected from living room of households in the city of Muscat, Oman. Samples were analyzed to identify 6 different species of phthalates using gas chromatography/mass spectrometry (GC/MS). Total phthalates concentration ranged from 0.01 to 1864.58 µg/g. Di-n-octyl phthalate (DNOP) was the predominant species contributing to more than 80% of the identified phthalates followed by di-n-butyl phthalate (DnBP) and bis(2-ethylhexyl) phthalate (DEHP). The presence of high concentration of DNOP in surface dust samples probably may reflect the carpet usage in Omani houses. The species of phthalates reported in this study are not comparable to those from studies conducted in other countries.
I. INTRODUCTION
Indoor dust harbors chemicals that have been linked to an increased health risk. Chemicals such phthalates are slowly released from household products, flooring, electrical goods, beauty and cleaning products. Phthalates levels in house dust are reported to be generally more concentrated in the outdoor samples. Phthalates or phthalate esters are a group of chemical compounds used in the production of plastics (as a plasticizers), detergents, adhesives, wood finishes, plumbing pipes, lubricants, medical tubing, medical devices, building materials, and vinyl flooring. Phthalates are hormone-disrupting chemicals that interfere with the production of the male sex hormone, testosterone, which is necessary for proper development and function of the male reproductive organs. The National Academy of Sciences (NAS) [1] concluded that prenatal exposure to seven phthalates caused adverse effects on male reproductive development in animals, causing "phthalate syndrome" which is similar to human "testicular dysgenesis syndrome". As per National Human Activity Pattern Survey [2] , People spend more than 87% of their time in indoor environments, creating a link between indoor environmental quality and their health. In the present study, phthalates levels of indoor surface dust were evaluated in Omani houses. In Oman, the climate is generally hot and arid, due to which people stay longer time indoors and hence it is important to assess the indoor environment for better health.
II. MATERIALS AND METHODS

A. Study Area
Muscat Governorate is the largest and capital city of Sultanate of Oman. People prefer to spend most of the time indoor since climate is very hot, arid with long summer and the temperature reaches as high as 49º C. Surface dust samples from Omani dwellings were collected from three main towns of Muscat Governorate namely A'Seeb, Bousher and Muttrah.
B. Method of Collection
Dust samples were collected from thirty different houses in Muscat within a period of two months (September and October 2014). Vacuum samples from multi-surface objects (35 cm above the floor level) which includes shelves, cupboards, frames, windowsills, electronic sets and interior material such as wallpaper and the ceiling were collected. The home owners were requested not to vacuum the sampling areas for a period of 1 week before the scheduled sampling.
C. Questionnaire
A questionnaire was distributed and collected from each sampled house. The main aim is to find out whether there is any relationship between phthalates concentrations in multi surface dusts to the percentage of plastic materials used in the living space.
D. Reagents and Standards
Phthalates standard mixture was purchased from Supelco (40077-U). It includes dimethyl phthalate (DMP), diethyl phthalate (DEP), di-n-butyl phthalate (DnBP), benzyl butyl phthalate (BBP), bis(2-ethylhexyl) phthalate (DEHP), and di-n-octyl phthalate (DNOP). The concentration for each phthalate was 1000 µg/ml in iso-octane. Different concentrations of the standard were prepared in methanol. High-performance liquid chromatography (HPLC) grade hexane and acetone (Sigma) was employed as extraction solvent with hexane: acetone ratio of 1:1.
E. Sample Preparation
The vacuum dust samples were collected and stored in an amber colored glass bottles. The collected dust samples were air-dried for 24 hrs under a fume hood. Particles other than fine dust like hair, insects, food scrapes, scrape paper and large particles were manually removed by wearing a powder free nitrile gloves, face masks, and protective clothing. The dust samples were preserved in the freezer to prevent potential photolysis. Each dust sample was weighed and transferred to a 10 ml glass centrifuge tubes. The extraction solvent (3ml) was added to each tube containing the sample and vortexed for five minutes to re-suspend the dust particles. The tube was then sonicated for 10 min and vortexed again to re-suspend the dust particles. The sample were then centrifuged for 5 min at 1500 rpm and the clear supernatant was transferred to an amber vial. The cycle was repeated two more times for better extraction and all the supernatant fractions were pooled together. The combined extracts were dried under a mild stream of nitrogen and reconstituted to 2 ml with methanol and analyzed by gas chromatography/mass spectrometry (GC/MS).
F. Analytical Determination
The GC/MS was operated in electron impact ionization with selective ion monitoring (SIM) mode. The column used for compound separation is DB 5MS (30m x 0.25mm x 0.25µm film thickness) and helium was used as a carrier gas with a constant flow of 0.7 ml/min. The oven temperature ramp program: initial column temperature was 100º C held for 2 minutes, then it increased by 10º C / minute up to 300 º C and held for 2 minutes. The inlet temperature was 250 º C, the purge time 0.5 min, and purge flow 75ml/ min in split-less mode. Table  1 . Mean concentration of all six phthalates is represented as pie chart (Fig. 1 ). Percent contribution of individual phthalates in Omani dwellings (n = 30) is represented in Fig. 2 . The detection frequencies followed the order of DNOP>DEP> BBP>DEHP>DnBP>DMP. The maximum concentration was detected for DNOP in one sample 99.6 percent (1864 µg/g) followed by DEP 65 percent (318 µg/g). Phthalate dust concentrations reported from various countries were tabulated in Table II . Phthalates in dust samples have been studied since 1997 [3] . DEHP was the most abundant phthalate detected in all studies. In present study, DEHP was detected very less compared to DNOP. Of the six phthalates studied, DNOP detected significantly high in most of the houses, in one of the sampled house it was detected as high as 1864 µg/g and (in overall study) with a mean concentration of 580 µg/g. DNOP is the phthalate used in carpet back coatings, capacitor fluid and in some cosmetics. The presence of high DNOP concentration in surface dust samples may probably reflect the carpet usage in Omani dwellings. Lower DNOP levels (41 µg/g) were reported in Italy [4] and Bulgaria [5] . In both the studies the concentration of DNOP was comparatively very low relative to levels detected in the present study. And even lower DNOP concentrations were reported in Kuwait study [6] . DMP, DnBP, DEHP are detected lowest in samples. This is same in Kuwait study with the exception of DEHP. Very high levels of DEHP was reported in Kuwait study [6] .
Total minimum and maximum concentrations of phthalates detected were 0.01 and 1864.58 µg/g, respectively (Table I) . Total mean concentration of phthalates found to be 638 µg/g, which is comparable with Germany with total mean concentration of phthalate was 564 µg/g [7] . DEP and BBP were the next most detected phthalates. DEP was detected as high as 318 µg/g and BBP 169 µg/g. As per WHO [14] , DEP was reported as an ingredient in 67 cosmetic formulations, including bath preparations (oils, tablets, and salts), eye shadow, toilet waters, perfumes and other fragrance preparations, hair sprays, wave sets, nail polish and enamel removers, nail extenders, bath soaps, detergents, aftershave lotions, and skin care preparations. DEP is also used in insecticide sprays and mosquito repellents. BBP is added to polyvinyl chloride as a plasticizer. It helps the polymers from becoming entangled will increase the flexibility of the PVC, making it more suitable for a number of applications, like vinyl fabrics, raincoats etc. The emission of BBP from vinyl floorings with the influence of temperature was reported elsewhere [15] . A study in Sweden found that children are more likely to develop asthma when they lived in homes with vinyl floorings [16] .
In this study, plastic materials in the sampled houses were compared with that of detected phthalates. It was found that there is no correlation between the phthalate concentration and the percentage of plastic materials used in the sampled houses. In Omani houses, mainly living room has maximum carpet cover areas. The amount of phthalates in house dust tends to increase with increasing carpet cover has been reported by Abb et al. (2009) [10] . The correlation between the phthalate concentration and the percentage of carpet cover area, age of the carpet and temperature of the living room needs to be investigated. However, it was difficult to precisely identify the sources of phthalates in indoor environment.
IV. CONCLUSION
Overall relative abundance of studied phthalates in Omani houses were in the order of DNOP> DnBP > DEHP >BBP> DEP > DMP. DNOP was found to be very high when compared to other studies. The higher level of DNOP in house dusts needs to be investigated to identify the exact source of this compound. In general, many studies have concluded that the highest concentration of phthalates was found in poorly ventilated indoor environment. Houses in Oman are having this typical indoor setting due to air conditioning necessity that limit the air exchange (fresh air) in the houses. It is necessary to innovate for building houses with structural modifications that enhance dispersing indoor pollutants released in the houses.
